SYNOPSIS Hexosaminidase, at-mannosidase, f3-galactosidase, /-glucuronidase, and arylsulphatase A were measured in peritoneal and pleural effusions from patients with benign, malignant, and inflammatory disorders. Compared with the benign transudates, all enzyme activities were moderately elevated in malignant effusions and markedly elevated in inflammatory effusions. The assay of hexosaminidase and a-mannosidase indicated clearly the underlying pathology in most specimens studied. This method could be of clinical value when the cause of an effusion is in doubt, particularly since the diagnostic criteria are independent of the presence or absence of tumour cells in the aspirate.
The diagnosis of a body cavity effusion as malignant is most convincingly made by the demonstration of malignant cells in the aspirate. However, the accuracy of effusion cytology is very variable, ranging from 56O%-91 % (Rome, 1964; Graham, 1964) , and malignant cells are found more readily in peritoneal than in pleural effusions. Many non-cytological methods for the differentiation between benign and malignant effusions have been proposed, but none has enjoyed more than transient popularity. They have included estimation of the effusion erythrocyte content (Tinney and Olsen, 1945) , protein concentration (Carr and Power, 1958) , metallic ion content (Dines et al, 1974) , and the activities of various lysosomal enzymes (Pineda et al, 1962) . One of the most recent and promising of the latter methods involves the simultaneous measurements of the protein and lactate dehydrogenase content of both serum and effusion (Light et al, 1972) . This method appears reliably to separate transudates from exudates but cannot distinguish between inflammatory and malignant exudates.
For several years there has been interest in this laboratory in the relationships between malignant cells and lysosomal enzymes, and in particular that subgroup known as the glycosidases. This interest is relevant to the theory that malignant cells elaborate enzymes which catabolize glycosaminoglycans (the compounds which are largely responsible for imparting viscosity to intercellular ground substance) to low-molecular weight, low-viscosity subunits. Accordingly, malignant cells may thus infiltrate in a medium so radically altered as to present a much Received for publication 8 September 1975 reduced mechanical barrier to invasion. It was decided to investigate the activities of various lysosomal enzymes in a variety of body cavity effusions to assess whether any discernible patterns, possibly of future clinical significance, emerged. The five enzymes detailed below were chosen either because they have been shown to be present in malignant cells, or because their known properties make it likely that they are involved in the breakdown of glycosaminoglycans to soluble oligosaccharides. Arylsulphatase A is not a glycosidase but has been included because recent research suggests that it shows an increased activity in malignant tumours.
1. f3-Glucuronidase (3-D-glucuronide glucuronohydrolase: EC 3.1.1.31) This acid hydrolase has been extensively investigated with respect to its possible role in malignancy. It is known to play an important part in the catabolism of glycosaminoglycans (Feher et al, 1971; Hall et al, 1973) and has higher activities in malignant tumours than in their normal tissues of origin (Fishman et al, 1947; Carr, 1965; Kroh and Renkawek, 1973) . Serum increases occur in malignant disease , but elevated levels are not invariable, and increased serum activity also can be found in a variety of liver disorders , varicose veins (Niebes, 1972) , and diabetes (Belfiore et al, 1972) . Tissue /3-glucuronidase is elevated in inflammation (Feher et al, 1971) . taken place, but it is increased in vaginal fluid in carcinoma of the cervix (Lawson, 1960) and catabolizes glycosaminoglycans (Woessner, 1965) .
3. Arylsulphatase (aryl-sulphate sulphohydrolase: EC 3.1.6.1) Three arylsulphatases have been distinguished, arylsulphatases A and B being associated with lysosomes, and arylsulphatase C having a microsomal location. The A and B isoenzymes are soluble (in common with other lysosomal hydrolases) whereas the C isoenzyme is insoluble. Arylsulphatase B has not yet been assigned a natural substrate, but some authors believe that it has a place in ground substance degradation (Farooqui and Bachhawat, 1971) . Arylsulphatase A breaks down cerebroside sulphate esters (Hook et al, 1973) and is probably produced by malignant cells (Schersten et al, 1971) . Total sulphatase activity is increased in the urine of patients with inflammatory or malignant disease (Boyland et al, 1955; Dzialoszynski, 1957) . Baum et al (1959) (Lanzerotti and Gullino, 1972) and probably catabolizes glycosaminoglycans (Distler and Jourdian, 1973) . Its role, if any, in malignant infiltration apparently has not been studied. 5 . Hexosaminidase (f-N-acetylglucosaminidase: /-2-acetamido-2-deoxy-D-glucoside acetamidodeoxyglucohydrolase: EC 3.2.1.30) In recent years this enzyme has been the subject of intense scrutiny, largely because of its role in the pathogenesis of Tay-Sachs disease (Lowden et al, 1973) . It is important for the degradation of glycosaminoglycans (Hall et al, 1973) , and the serum shows increased activity in pregnancy (Stirling, 1972) and inflammation (Kar and Pearson, 1973) . Its lysosomal situation can be shown histochemically (Pugh, 1972) , and experimental tumours exhibit high activity (Carr, 1965) .
Patients
The series consisted of 60 pleural and 27 peritoneal effusions from 87 patients. Only the first submitted specimen from each patient was included, since later experience showed that local antimitotic agents, systemic antibiotics, and repeated aspiration could alter enzyme activities in a rather unpredictable manner. No effusion was included unless the underlying pathology was known with certainty; this required careful assessment of clinical, cytological, histological, and necropsy information. Although more than 200 effusions were analysed during the course of the series, most did not meet these criteria and could not be included.
Aspirates were submitted fresh and without added fixative for routine cytological examination. The specimens were immediately centrifuged at 1000 g for 10 minutes, and smears and blocks were prepared from the cellular deposit. The supernatant was used without modification for enzyme assay as detailed below. Assay was performed as soon as possible after receipt of the specimen, but if delay was unavoidable the supernatant was stored at 4°C for not more than 16 hours. Serial assays showed that under these conditions there was no significant decay in enzyme activity.
The effusions ultimately were grouped according to their known aetiology ( (1959) , as described for serum.
B-GALACTOSIDASE
One millilitre effusion was incubated at 37°C for 24 hours with 2-0 ml 0-0166 M 0-nitrophenyl-f-Dgalactopyranoside in 0 1M acetate buffer, pH 4-7, and the reaction was stopped by adding 4-0 ml 0-4M glycine buffer, pH 10-8. Optical density was read at 405 mu and unit enzyme activity was defined as that amount of enzyme which liberated 1 ,ug pnitrophenol in 24 hours.
HEXOSAMINIDASE
One millilitre effusion was incubated at 37°C for 1 hour with 2-0 ml 0-0087M p-nitrophenyl-,-Nacetylglucosaminide in 0-05M citrate buffer, pH 4-3, with 0-1M NaCI. The reaction was stopped with 4-0 ml glycine buffer, pH 10-8, and the optical density was read at 430 mp. Unit enzyme activity was that amount of enzyme which liberated 1 ,ug p-nitrophenol in 1 hour.
In the cases of ,B-glucuronidase, hexosaminidase, and ,-galactosidase, no attempt was made to standardize the assay procedures with those of other workers, which are, in any case, diverse. The methods chosen are those which have been used for some years in this laboratory and which have the advantages of familiarity and reproducibility.
Results were calculated as units per ml (mIU/ml in the case of arylsulphatase A) and as specific activity, ie, units per mg protein.
Results
It soon became apparent that expressing results as specific activities gave a large scatter of values with no correlation between the benign, malignant, and inflammatory groups. The fact that the specific activity of any one enzyme was not constant within a group, or between groups, indicated that the level of these enzymes was independent of the protein content. Consequently, the results, summarized in table II are expressed as units per ml.
Each of the enzymes shows a gradual increase in activity from benign through malignant to inflammatory lesions, and these observations accord with the fact that lysosomal hydrolases are substantially concerned with the dissolution of intercellular ground substances. It is apparent that in each case there is a spectrum of activity, with a degree of overlap in the various aetiological groups.
The technique of discriminant analysis was employed to find the best combination of enzymes to discriminate between benign, malignant, and inflammatory effusions. The two enzymes, hexosaminidase and a-mannosidase, gave the best separation. In each case, cytological examination of the effusion was undertaken as a routine procedure by a member of the division of cytology within this department. No false diagnosis of malignancy was made. In the case of malignant effusions, tumour cells were demonstrated in 76 % of the peritoneal and in 62% of the pleural aspirates. Thus there was an overall success rate of 67% in the cytological diagnosis of malignancy.
CORRELATION BETWEEN CYTOLOGY AND ENZYMOLOGY
Two malignant pleural effusions and no malignant peritoneal effusion had hexosaminidase levels of less than 80 units/ml and falsely fell within the 'benign' range. In neither of these specimens were malignant cells identified. Sixteen cases of malignant ascites contained malignant cells; all had levels of hexosaminidase more than 80 units/ml (ox-mannosidase less than 65 units/ml) and were in the 'malignant' range. Five cases of malignant ascites did not contain malignant cells but demonstrated enzyme activities within the 'malignant' range. The average hexosaminidase activities of the malignant peritoneal effusions with and without malignant cells were not significantly different.
Thirty-two of the 34 malignant pleural effusions had 'malignant' enzyme activities. Twenty-one samples contained malignant cells, but 11 samples did not; there was no significant difference between the average hexosaminidase activities in either group.
Although those effusions which contained the most numerous malignant cells tended to have higher hexosaminidase levels, this was by no means always the case, and the malignant effusion with the highest observed hexosaminidase activity (555 units/ ml) did not, in fact, contain identifiable tumour cells. Hence, there was no good correlation between hexosaminidase levels and the presence or absence of malignant cells within an effusion.
Discussion
It is not necessary here to go into detailed consideration of the role of lysosomal glycosidases in tissue infiltration by malignant cells. Carr (1965) has given a synopsis of the underlying theories along with his own supporting experimental evidence, and a comprehensive monograph on the subject has been published (Cameron, 1966) .
Glycosaminoglycan breakdown occurs, as far as we know, in its most extreme form in acute inflammation (Feher et al, 1971) , and it was found that the inflammatory effusions reflected the intensity of this process; all of the hydrolases measured showed highest activities in inflammatory effusions, with the exception of two cases which had previous heavy antibiotic therapy and exhibited uncharacteristically low values. The fact that the majority of malignant effusions showed higher activities than the benign transudates seems to offer further supporting evidence that there is significant ground substance destruction during the process of invasion. While in a minority of the cases this could be attributable to co-existing inflammation, it is common histological experience that most infiltrating tumours are not attended by visible signs of inflammation. The most logical, and attractive, explanation is that the tumour cells themselves release lysosomal enzymes; a wealth of experimental evidence built up over the last 50 years shows this to be true.
If it is accepted that carcinoma cells secrete glycosidases, some comment on the nature of those effusions which are associated with and are enzymologically indicative of underlying malignancy, but which are cytologically negative for malignant cells, is necessary. Eleven pleural effusions of this type containing typically 'malignant' enzyme activities were encountered. Carr (1965) 
